Introduction
The time-averaged shear-wave velocity to 30 m (V S (30)) is widely used to judge site classes in seismic building codes [1, 2, 3] , and it is considered as an important variable to estimate site amplification factors in GMPEs [4] . For the sites with shear-wave velocity profiles less than 30m, models need to be developed to estimate V S (30) [5] . Up to now, models have been established by different datasets. The efficiency of five of those models is analyzed by the data from two regions in China and the regional dependence is discussed in this paper. [5] put forward the following equation to estimate V S (30) by V S (Z), based on the data from 135 boreholes in California, where the shear-wave velocity profiles reach at least 30 m.
Models
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where, a and b are regression coefficients. H. Cadet et al. [6] employ Eq. 1 to calculate V S (30) for two regions, based on the data from 504 boreholes of the KiK-net sites in Japan and 22 boreholes from Europe, where the shear wave velocity profiles reach at least 30m and pointed out the empirical relations for the two regions are different.
D. Wang et al.[7] propose an equation to derive V S (30) for comparison with the Next Generation Attenuation models adjusted by the records from Wenchuan Earthquake. 
D. M. Boore [10] obtains a third velocity profile by interpolating two slowness models. We can get one slowness profile with the geometric means of the interpolated travel times [11] . Then, the slowness of the third profile to any depth Z, () SZ , can be a linear combination of those of other two profiles,
When the slowness in Eq. 5 is replaced by average slowness () SZ -, the coefficient β can be obtained, assuming equals to the desired value of in the target region. The average slowness and the time-average velocity are related by Eq. 6.
Data
To investigate the efficiency of these five models, Pearson correlation coefficient r and standard deviation of residuals σ RES , between measured values V SM (30) and estimated values V SE (30), are adopted. Two datasets, consisted by 206 boreholes from the middle-eastern segment of Tianshan Mountain (METM) (N41.33° -N44.44°, E80.44° -E88.33°) and 20 boreholes from the western segment of Southern Tianshan Mountain(WSTM)(N38.33° -N41.30°, E73.66° -E78.60°) respectively, are established, in which the depths are more than 30m. The distribution of boreholes is shown in Fig. 1 . The percentage of borehole numbers in different intervals of time-averaged shear-wave velocity to the depth 5m, 10m, 15m, 20m, 25m and 30m is shown in Fig. 2 . where, Z i and V Si are the thickness and the shear-wave velocity of the i th layer; n is the total number of layers.The case of (5m, 10m), (10m, 15m), (15m, 20m), (20m, 25m) in Eq. 4 are used to represent the result of 10m, 15m, 20m and 25m, respectively. The comparisons for two regions are shown in Fig. 3 and Fig. 4 , respectively. And the values are listed in Table 1 . Table 1 , to depth more than 20m, Eq. 4 is the best for METM, however, Eq. 3 is the best for WSTM. And then we select 82 boreholes to the depth 50m , 25 boreholes to 90m from the METM dataset and 3 boreholes to 50m from the WSTM dataset. Because Eq. 3 is proposed as the logarithmic quadratic polynomial model, which means that there is no need to analysis the WSTM dataset with deeper depths. And Eq. 1, Eq. 3 and Eq. 4 are used to calculate shear-wave velocity to deeper depths 50m and 90m, the Pearson correlation coefficients and the standard deviations of residuals almost do not vary with the target depths, which are shown in Table 2 and Table 3 . In Eq. 1 and Eq. 3, the average shear wave velocity to the depth of 40m is used to calculate V SE (50), and that of 80m is for V SE (90); in Eq. 4, the velocity of 30m and 40m is used to calculate V SE (50), and that of 70m and 80m is for V SE (90). The results show that Eq. 4 is efficient for deeper depths. 
Conclusions
Five models, estimating V S (30) by shear-wave velocity to less depth V S (Z), are compared by datasets from two regions. For both two regions, Eq. 3 is the best, the result from Eq. 1 is close to that from Eq. 3, and Eq. 5 is better than Eq. 4 if V S (Z) to depth less than 20m is used in the estimation. For METM, if V S (Z) to depth more than 20 m is used, Eq. 4 is the most efficient, however, the difference, among the results from different models, is not significant; for WSTM, more borehole data to deeper depth are needed. For the depth deeper than 30m, Eq. 4 is the most efficient, compared with Eq. 1 and Eq. 3.
